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Abstract 
Scheduled nuclear power plant shutdowns in Bavaria and increased customer awareness for environmentally friendly products have raised the 
interest in energy security and resource efficient production. This gave birth to the idea of the Green Factory Bavaria in Augsburg. The factory 
will serve as a research-, demonstration- and learning platform and will assist Bavarian manufacturing companies in increasing their resource 
efficiency. Therefore, an additive manufacturing process chain will be realized, in which the following specific topics are going to be addressed: 
resource efficient product design and powder recycling for additive manufacturing technologies, format flexible packaging, biologic component 
cleaning, energy supply concepts and measurement systems facilitating life cycle assessments. In this paper, we want to present the initial motives, 
the current status and the future outlook of the Green Factory Bavaria in Augsburg.  
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1. Introduction 
Bavaria is going to shut down its nuclear power plants until 
2022, which once contributed more than 50 % to the electric 
generation [1]. In addition to that, Bavaria strives to put into 
action 200,000 electric vehicles until 2020 [2]. These 
developments pose a risk to the electricity supply, which can be 
mitigated by increasing the resource efficiency of Bavarian 
industrial companies. Increasing the resource efficiency in 
industry also permits more environmentally friendly products, 
which are demanded by both the government and end 
customers. This demand is already passed on by some 
automotive OEMs to their suppliers by requesting life cycle 
assessments for the purchased products. 
The Bavarian government recognized this increased interest 
in resource efficiency and decided to initiate the research 
project Green Factory Bavaria, which will support the industry 
in assessing and increasing their resource efficiency. The 
members of the Green Factory Bavaria are two Fraunhofer 
project groups, the Fraunhofer IWU project group Resource 
efficient Mechatronic Processing Machines in Augsburg and 
the Fraunhofer IPA project group Process Innovation in 
Bayreuth, as well as a group of eight Bavarian universities. As 
part of the project two real factory environments will be created 
in Augsburg and Bayreuth. They will serve as a combined 
research, demonstration and learning platform, where research 
findings will be demonstrated to interested industry customers 
and taught to them and students through seminars and courses.  
The factory environments in Augsburg and Bayreuth differ 
in terms of the research focuses and in terms of the 
demonstrated process chain. The process chain in Bayreuth will 
cover the production of a carbon reinforced component 
including mould construction, casting, cleaning and assembly. 
The process chain in Augsburg will display the production of a 
metal gearwheel through cutting and additive manufacturing 
processes. The process steps also consist of powder preparation 
and reprocessing, organic cleaning and packaging (see Fig. 1). 
Compared to isolated machines, process chains allow the 
analysis of operation procedures, logistics and a more holistic 
view of a product life cycle. Additive manufacturing was 
chosen as a major process step, since the technology itself 
presents a great opportunity to increase resource efficiency [3] 
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and since it has thus far been little researched with the goal of 
optimizing its resource efficiency. Furthermore the additive 
manufacturing technologies indicate to be the production 
technology of the future. Their main advantages are creating 
parts with a high complexity and with properties, which can be 
reached by conventional manufacturing processes only with a 
lot of additional effort.  
Compared to other learning factories, which address various 
topics such as changeability [4], the Green Factory Bavaria in 
Augsburg is thematically related with the Learning Factory for 
Energy Productivity at the Technical University of Munich, the 
E3-Research Factory Resource-efficient Production at the 
Fraunhofer IWU and the Learning Factory for Resource 
Efficiency at the Ruhr-University Bochum. Despite the 
similarities, the Green Factory Bavaria in Augsburg will be able 
to provide a unique learning experience through its different 
process chain and research focuses. 
2. Individual areas of research 
In the following, the research focuses of the Green Factory 
Bavaria in Augsburg are explained in more detail. 
2.1. Additive manufacturing 
Whereas the isolated processes of additive manufacturing 
individually have been significantly analyzed already, the 
interconnected additive process chain is less extensively 
researched. Research gaps identified by a literature review and 
through interviews with experts are the ecologic and economic 
efficiency of a complete process chain, the powder cycle system 
and a process overlapping quality management. The addressed 
process chain technologies include the analysis and handling of 
powder, selective laser melting, post processing and component 
inspection. 
One aim concerning the research aspect is the economic and 
ecologic evaluation of different manufacturing processes. 
Following the layer wise build-up of the part, a number of 
operations are required in order to attain the demanded part 
properties. These post processing steps depend upon the 
utilized additive manufacturing technology. In the case of 
selective laser melting the part needs to be separated from the 
build platform and the support structures need to be removed. 
For these operations, multiple alternative technologies can be 
chosen from. In order to select the most suitable option, 
economic and ecologic evaluations are conducted. Hereby 
obtained information can be used to compare additive 
manufacturing technologies to conventional processes in terms 
of resource consumption. Moreover, the effects of powder 
recycling and temporal storage on powder quality will be 
analyzed. In order to ensure that re-used powder fulfills the 
given quality requirements, innovative conditioning concepts 
are being developed. By carefully mixing different powder 
batches and new powder, properties can be precisely adjusted 
to the required specifications. Therefore, powder aging effects 
which occur during the build process and material handling 
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Fig.  1: Symbolic representation of the research focuses and the individual steps of the presented process chain of the Green 
Factory Bavaria in Augsburg. 
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parameters such as moisture, oxidation, changes in particle 
morphology or size distribution need to be measured and 
understood. Concerning the demonstration aspect, a near-series 
process chain under an industry like environment will be 
presented producing a designed gear wheel (see Fig. 2). 
Integrated cooling channels as well as lightweight structures 
show the possibilities of the additive manufacturing technology 
applied on a mass produced part. Regarding the life cycle costs 
of the part, the high production costs using additive 
manufacturing technologies are expected to be compensated by 
cost savings while using the improved gear wheel. Measures 
concerning operational and environmental safety will be 
pointed out. Finally a collection of learning modules will be 
created, which will cover topics ranging from additive 
manufacturing basics, component design and operational 
security.  
 
 
Fig. 2. Photograph of an additive manufactured gear-wheel 
2.2. Biological degreasing of metal parts 
Concerning the resource efficiency the cleaning of parts is 
an important step of a process chain, because it can take up to 
50 % of the total energy demand of a production line [5]. 
Furthermore, an optimized cleaning process for additive 
manufactured components has not been established. 
One contamination source in additive manufactured 
products are the cooling lubricants used during post-processing. 
Instead of using chemical cleaning agents, biological cleaners 
have the potential to be an eco-friendly alternative. Novel 
aqueous cleaners for parts contain microorganisms, which 
degrade oil continuously in the cleaning medium, thus 
decreasing the amount of chemical-contaminated wastewater 
[6]. The aim of this project is to integrate a resource-efficient 
cleaning method for an additive manufactured component into 
the process chain of the Green Factory Augsburg. The focus of 
this procedure is on degrading of organic contaminants using 
enzymes or microorganisms. The substitution of hazardous 
substances such as acids, bases or VOCs by biological 
detergents can maximize safety and environmental protection. 
A locally resolved analysis system for the standardized control 
of cleanliness will also be integrated. This ensures an 
appropriate and resource-saving cleaning and the identification 
and elimination of weak points in the cleaning process. The in-
process detection of all energy and material flows allows to 
determine the resource requirements for the used method. 
A second contamination source is the residual powder on 
additive manufactured products. To remove this powder in 
cavity parts of a product represents a current challenge, which 
shall be addressed at a later point during the project. 
2.3. Resource efficient and format flexible packaging 
machines 
Two main topics are of interest to manufacturers and users 
of packaging machines, the improvement of the sustainability 
and the enhancement of the format flexibility [6-8]. The 
sustainability of products is becoming a more significant 
parameter for the consumer buying behavior. One aspect of 
product sustainability is the packaging of prepackaged goods, 
such as food and beverages. To improve the sustainability 
alternative packaging materials, e.g. biodegradable polymers, 
can be used. Also the improvement of the energy efficiency is 
necessary for reaching this goal. Format flexibility of 
packaging has become more important due to the increased 
number of product variants and their reduced life time. In fact, 
the number of variants in the fast moving consuming goods 
industry increased by 62 % while the product life time 
decreased by 46 % in the period from 1997 to 2012 [10]. Format 
flexibility also affects resource efficiency, since a format 
change induces wasteful resource consumption in the standby-
, warm-up- and cool-down-phase. The two topics sustainability 
and format flexibility will be considered separately in the first 
phase of the project. 
To improve the sustainability of packaging machines, 
options to increase their energy efficiency are examined. For 
this purpose, the method of analogy is used. First, a screening 
and analysis of the state of the art is necessary, especially in 
comparable mechanical engineering industries such as machine 
tools [11] and injection molding machines [12]. Subsequently, 
the applicability to packaging machinery and equipment will be 
evaluated. For example the ISO-14955 ‘Machine tools – 
Environmental evaluation of machine tools’ will be evaluated, 
which rules could be used for the design of a packaging 
machine.  
 In order to increase the format flexibility, relevant process 
technologies of the packaging main operations, i.a. sealing and 
cutting, have to be analyzed and evaluated in terms of their 
flexibilization potential. Based on a literature review, the laser 
beam technology was identified as a potential lever to increase 
the format flexibility of sealing and cutting. Nowadays, this 
technology is not yet used for either sealing or cutting. Instead, 
these two operations are performed by two independent, 
inflexible units. In order to evaluate the laser beam technology, 
a testing system will be constructed and used both for research 
and demonstration purposes. The impact of the laser beam 
56   C. Gebbe et al. /  Procedia CIRP  32 ( 2015 )  53 – 57 
 
technology on the energy efficiency for example is the reduced 
energy consumption during the standby-, warm-up- and cool-
down-phase. Also the investigated impulse-heating-sealing-
unit could be used to reach this goal. 
In a further phase, the potential combination of the research 
findings will be examined. 
2.4. Measuring system architectures for operating materials 
The measurement of operating materials such as electricity, 
pressurized gas or lubricants is performed unsystematically 
nowadays. Hence, two issues can be observed. 
The first issue is a lack of measurement data due to the high 
costs involved in installing, calibrating, maintaining and 
reading measuring sensors. The challenge in this scenario is to 
generate information with limited data availability. One 
solution is to enrich the measurement data with estimates for 
power consumptions of machines or with machine data 
acquisition. This can yield new useful information despite the 
small amount of available measurement data. One example is 
the scenario in which electricity consumption sensors are 
installed only on main lines instead of individual machines. By 
adding information from machine data acquisition the 
cumulated electricity consumption can be disaggregated into 
the electricity consumption of individual machines [13]. 
The second issue is characterized by a great amount of 
sensors, whose data is poorly used. Here, the challenge is to 
identify the potential benefits of the sensor data, to apply 
appropriate analysis tools and to generate useful performance 
indicators. Concerning these aspects, a systematic review of the 
benefits of measuring operating materials will be carried out 
and new analysis methods will be investigated. The results of 
this work will be incorporated into a learning and 
demonstration platform. In this platform, users will be able to 
learn about the installation and calibration of sensors, the 
communication between sensors and a supervisory control and 
data acquisition system and exemplary use-cases for data 
collection. 
At the end of 2014, new disaggregation methods have 
already been investigated [13] and the installation of sensors 
into a selective laser melting machine has begun. A learning 
concept for dealing with measurement data is being developed. 
2.5. Energy flexibility of process chains 
A key challenge resulting from the substitution of 
conventional energy generation with renewable one is the 
imbalance of electricity supply and demand. Supply and 
demand of electricity have to match at all times, since the 
storage of electricity is expensive and limited compared to the 
storage capacity of other goods. Conventional power plants 
have been controlled such that their electricity supply matches 
the electricity demand. In contrast to that, the supply of 
renewable power plants such as photovoltaics or wind turbines 
is controlled by environmental conditions independently of the 
electricity demand. This creates an imbalance between 
electricity supply and demand resulting in greater price 
fluctuations and even negative prices.  
One solution to improve this imbalance is to align the 
electricity demand with the supply. For example, factories may 
increase their production output and hence their electricity 
demand when the electricity supply is high and the price low. 
Specific flexibility options like the change of order sequence, 
the adjustment of machine, the use of energy decoupling points, 
etc., and their technical feasibility have already been 
investigated in the research project FOREnergy [14]. 
Based on these findings, a method is now being developed, 
according to which companies can identify the existing and 
future energy flexibility potentials of their production process 
chains. This method will consist of a current state analysis of 
the process chain, its reconstruction as a simulation model and 
finally an evaluation of the energy flexibility measures 
considering their impacts on existing performance indicators 
such as overall equipment efficiency. The challenge of the 
current state analysis is to guide users in such a way that all 
flexibility measures are identified in a time efficient manner. 
Moreover, those process chain parameters need to be 
determined, which allow for a realistic simulation of 
performing flexibility measures. Finally, suitable evaluation 
indicators need to be defined. 
At the moment a literature research of existing identification 
methods is carried out, e.g. methods for identifying energy 
efficiency potentials in process chains. Existing energy 
flexibility options have already been reviewed, which are now 
being integrated into a systematic identification method. 
2.6. Building 
The process chain will be integrated into the new institute 
building of the Fraunhofer project group RMV. The building 
will be located in the innovation park Augsburg in the close 
vicinity to the University of Augsburg and to other research 
institutes such as the German Aerospace Center and the 
Fraunhofer ICT project group Functional Lightweight Design 
(see Fig. 3). 
 
Fig. 3. Sketch of the property area of the new institute building 
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3. Summary 
The research project Green Factory Bavaria in Augsburg 
aims to develop innovative technologies, which assist Bavarian 
companies in increasing their resource efficiency. The research 
findings will be displayed and explained to industry customers 
and students through the example of a cohesive process chain 
in Augsburg. This process chain consists of an additive 
manufacturing step including metal powder recycling and the 
post processing steps cleaning and packaging. The process 
chain will be equipped with an interconnected measuring 
system for primarily operating materials and enable the 
demonstration of energy flexibility measures. 
While the research focuses have already been determined, a 
specific learning concept is currently being defined. This 
procedure stands in contrast to the recommended development 
procedure for learning factories in [15], since the Green Factory 
Bavaria in Augsburg will not only serve as a learning platform, 
but also as a research and demonstration platform. 
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